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© Display circuit. 



© A display circuit for a matrix display includes a 
plurality of picture elements comprising display ele- 
ments driven by drive circuits. A data regenerative 
circuit determines whether an external video signal is 
to be displayed or whether the image being dis- 
played by the picture elements is to be held. When 
the image currently stored in the picture elements is 
to be held, the data regenerative circuit reads the 
stored image data from a selected picture element, 
regenerates the level of the data signal and causes 
this data to be rewritten into the selected picture 
element. 
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DISPLAY CIRCUIT 



This invention relates to a display circuit ac- 
cording to the preamble of claim 1. The invention 
is in the field of display apparatus, and relates 
more particularly to a display circuit including drive 
circuits for a display apparatus in which active 
elements are provided to drive the display ele- 
ments of respective picture elements. The active 
elements are operated to display a variety of data. 

A display apparatus has been developed hav- 
ing drive circuits formed on a substrate, in a matrix, 
for displaying picture elements. The drive circuits 
are actuated by scanning signals, so that data are 
displayed with LED's, LCD's EL's or fluorescent 
display tubes arranged in matrix form. In a display 
apparatus of this type, when the display elements 
cannot store data by themselves and it is required 
to display one of the images input by a time-series 
signal (such as a composite video television sig- 
nal), as a still image on the screen formed by the 
displaying elements arranged in matrix form, it is 
necessary to temporarily store signals, correspond- 
ing to the image, in a memory and to supply the 
stored signals to the display elements when re- 
quired. 

Thus, in order to display a still image, it is 
necessary to use display elements and a memory 
having a capacity corresponding to the number of 
picture elements. This results in an uneconomical 
display apparatus having an increased number of 
components. 

On the other hand, the drive circuit shown in 
FIG.1 has been proposed for use in a two-dimen- 
sional image display apparatus having drive circuits 
for respective picture elements. The drive circuit is 
for a single picture element and includes an active 
element for holding data for a short period of time. 
A writing transistor 2 is rendered conductive (on) 
by a signal applied to a scanning signal line 1 , so 
that a voltage on a video signal line 3 is temporar- 
ily held by a capacitor 4. The voltage held by the 
capacitor 4 is applied to the gate of a display 
element driving transistor 6, to set the voltage of its 
drain electrode 7, thereby operating a display ele- 
ment 8 comprising an LCD, LED, EL, fluorescent 
display tube or the like. 

The above-described drive circuits, the number 
of which corresponds to the number of picture 
elements, are integrally formed on an insulated 
substrate by a film technique or by utilizing a 
semiconductor substrate. In order for the display 
apparatus to display two-dimensional data, each of 
the drive circuit which are formed for the picture 
elements must operate satisfactorily. Accordingly, if 
it can be determined whether or not the drive 
circuits operate satisfactorily before the drive cir- 



cuits are connected to the display elements, then 
display apparatuses can be manufactured with a 
high yield and high efficiency, because only the 
operative substrates will be selected and connect- 

5 ed to the display elements. However, in order to 
test the drive circuit shown in FIG. 1. it is neces- 
sary that the components of the drive circuit be 
assembled and that the drive circuit be connected 
to the display element. 

10 In order to overcome this difficulty, Japanese 

Patent Application Laid-Open No.99688/1982 pro- 
vides for a drive circuit which can be inspected 
without connection to its display element. As shown 
in FIG. 2, a reading transistor 9 is connected be- 

75 tween the video signal line 3 and the driving tran- 
sistor 6. Accordingly, the drain voltage of the driv- 
ing transistor 6 can be applied to the signal line 3 if 
a signal 10 is applied to the gate of the reading 
transistor 9, so that the drive circuit can be in- 

20 spected without being connected to the display 
element 8. However, the drive circuit of FIG. 2 is 
disadvantageous in that, in order to provide a 
matrix-shaped image display, it is necessary to 
provide a separate memory for holding data. 

25 Further, the UK Patent Application GB-A-2 069 

739 is concerned with a solid-state display device 
having both readout and write-in capability. How- 
ever, the circuit disclosed in this document has no 
reading means included in a single picture element 

30 and needs a sense/refresh circuit for each column 
of the display. 

It is a primary task of this invention to eliminate 
the above-described drawbacks of conventional 
display apparatus. 

35 It is therefore an object of this invention to 

provide a display circuit which is capable of hold- 
ing a desired image, without requiring a separate 
memory device. 

This object is solved by providing a display 

40 circuit according to claim 1 . 

Further advantageous features of the display 
circuit according to the present invention are evi- 
dent from the subclaims. 

According to the present invention there is 

45 provided display circuit for a display apparatus, 
which is capable of reading data stored as driving 
voltages for display elements, including a simple 
data regenerative circuit tor disconnecting the drive 
circuits of the picture elements from an external 

so signal, reading out the data stored in the drive 
circuits, and rewriting the data into the drive cir- 
cuits after adjusting the level of the driving vol- 
tages, thereby holding a desired image. 

Further objects and advantages residing in the 
details of construction and operation of the display 
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circuit according to this invention will hereinafter 
become evident from the description of the accom- 
panying drawings, wherein like numerals refer to 
like parts throughout. 

FIG. 1 is a circuit diagram of a first example 
of a conventional drive circuit for a display element; 

FIG. 2 is a circuit diagram of a second 
example of a conventional drive circuit for a display 
element; 

FIG. 3 is a circuit diagram of an embodiment 
of the present invention; and 

FIG. 4 is a circuit diagram of the display 
element drive circuit used in the circuit of FIG. 3. 

The invention will be described with reference 
to the case where a binary image is displayed as a 
two-dimensional image by a point-sequential scan- 
ning system. 

FIG. 3 is a block diagram of a display circuit 
for a display apparatus having picture elements, 
including drive circuits, arranged in the form of a 
matrix. Drive circuits An, A12, . . . and A mn for 
respective picture elements are provided by for- 
ming film transistors on the same substrate or by 
using a semiconductor substrate. In each drive 
circuit Ajj, as shown in FIG. 4, a writing transistor 
Tr a and a reading transistor Tr c are commonly 
connected to a signal line l it and a driving transis- 
tor Tr b has a gate for receiving a signal passed 
through the writing transistor Tr a . A signal at the 
node connecting one terminal of the driving transis- 
tor Tr b and the reading transistor Tr c , is applied to 
a display element Bjj. In FIG. 4, a capacitor C t 
corresponding to the MOS gate capacitance of the 
driving transistor Tr b in the drive circuit, operates to 
temporarily hold written data. 

In each column of the display, the signal line l t 
is connected to the respective drive circuits. The 
signal lines li through I m are connected through 
scanning switching transistors Si through S m . re- 
spectively, to a video signal input terminal So. The 
input terminal S 0 serves not only as a terminal for 
supplying a video signal Vv to the picture ele- 
ments, but also as a terminal for transmitting data 
between the driven circuits and a regenerative cir- 
cuit E which is described below. 

A horizontal scanning circuit C applies a hori- 
zontal scanning signal to the gates of the above- 
described scanning switching transistors Si 
through S m to control the horizontal scanning of the 
picture elements. The vertical scanning of the pic- 
ture elements is carried out when a vertical scan- 
ning circuit D applies a writing signal or a reading 
signal to the gate of the writing transistor Tr a or the 
gate of the reading transistor Tr c . respectively, in 
each of the drive circuits in each row. That is, the 
horizontal scanning circuit C and the vertical scan- 
ning circuit D select a picture element A 5i to which 
the video signal Vv is to be inputted, so that the 
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display element driving transistor Tr b is turned on 
or off through the writing transistor Tr a in the drive 
circuit corresponding to the picture element, to 
drive the display element B^. 
5 Next, the regenerative circuit E for holding im- 

ages will be described. The input terminal So. to 
which the scanning switching transistors Si through 
S m are connected, is connected to a first switching 
element which is adapted to determine whether the 

to display elements display an image based on an 
externally applied video signal or a still image 
based on data already written in the picture ele- 
ments. The first switching element comprises a 
MOS transistor Tn having a terminal which acts as 

75 an external video signal input terminal, and a MOS 
transistor Tr 2 . The first switching element deter- 
mines whether the external video signal is received 
or disconnected so as to hold the stored image, in 
dependence upon input switching signals Vj and V~, 

20 applied to the gates of the transistors Tn and Tr2. 
respectively. The MOS transistor Tr 2 is connected 
to a . second switching element for switching be- 
tween an image signal reading operation and an 
image signal writing operation in the regenerative 

25 circuit E. The second switching element comprises 
MOS transistors Tr 3 and Tn, to the gates of which 
w rite a nd read switching signals R/ W and 
R/W are applied to control the writing and 
reading operations of the regenerative circuit E. 

30 The node connecting the MOS transistors Tr 2 and 
Tn is also connected to a MOS transistor Tr 5 
which is used for pull-up during image signal read- 
ing. The MOS transistor Tn of the second switch- 
ing element, is connected to the gate of a MOS 

35 transistor Tr & which, together with a MOS transistor 
Tr7, formed an inverter. The node connecting the 
MOS transistor Tr G and Tr 7 is connected to a 
terminal of the MOS transistor Tr 3 . Thus, a signal 
reading path from the regenerative circuit E is 

40 formed. 

In the above-described circuitry when it is re- 
quired to maintain a display of an image currently 
being displayed on the basis of the external video 
signal Vv, the input switching signal V f is used to 

45 render the MOS transistor Tn non-conductive, 
thereby disconnectingjhe external video signal Vv, 
and to render the MOS transistor Tr 2 conductive, 
thereby electrically connecting the video signal in- 
put terminal So to the side of the inverter for data 

50 correction. For all the picture elements, the drive 
circuits and the regenerative circuit E carry out the 
following two operations in succession during a 
period defined by the time in which the signal 
stored in the capacitor C of each display element- 

55 (the gate oxide film capacitance of the MOS tran- 
sistor Tr b ) is dissipated, for instance, through leak- 
age. 

1 ) The signal level of the picture element at 

3 
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the i-th row and j-th column is read via the transis- 
tors Tr c , Tr 2 and Tr* and is stored, as the inverted 
display signal, in the capacitor C in the regenera- 
tive circuit E. 

2) In the regenerative circuit E, the transis- 
tors Tu and Tr 3 are rendered respectively non- 
conductive and conductive, the signal in the ca- 
pacitor C is inverted by the inverter comprising the 
transistors Tre and Tr 7 , and is then input through 
the transistors Tr 3 , Tr 2 and the writing transistor Tr 3 
of the display element, into the drive circuit. 

The operations 1) and 2) described above are 
repeatedly carried out to hold the image. 

When it is required to suspend the image hold- 
ing operation to display an externally input image 
again, the input switching signal V| is used to 
change the state of the first switching element, i.e., 
to render the transistors Tn and Tr 2 conductive 
and non-conductive, respectively. As a result, the 
external video signal Vv is applied to the drive 
circuits, so that the latter write the external video 
signal to display the image. 

In the above-described embodiment, binary 
data are displayed. However, if the inverter for data 
correction in the regenerative circuit E is made up 
of a circuit which corrects and outputs the input 
signal, a gradation image also can be displayed. 

In addition, if the regenerative circuit E is 
formed on the same substrate as the drive circuits, 
then the invention can be realized without increas- 
ing the number of manufacturing steps and the 
number of components. 

As is apparent from the above description, 
according to the invention, the image can be held 
on the display surface merely by connecting a 
simple circuit and without requiring a separate 
memory device. Thus, the function of the display- 
ing apparatus has been improved, and the range of 
application is considerably increased. 

Claims 

1. A display circuit connected to receive a 
video signal and an input switching signal, compris- 
ing: 

picture elements (A^) for displaying an image for 
holding image data; and for reading and writing the 
image data; 

first means (C, D), operativeiy connected to said 
picture elements (Ajj), for scanning said picture 
elements to select one of said picture elements for 
a read operation or a write operation; 
second means (E), operativeiy connected to said 
picture elements (Ajj) at a first node (So), oper- 
ativeiy connected to receive the video signal (Vv) 
and operativeiy connected to receive the input 
switching signal (V,), for providing the video signal 



for writing into the selected one of the picture 
elements (Ajj). or for regenerating the image data 
stored in the selected one of said picture elements 
to hold the image, in dependence upon the input 
5 switching signal. 

2. A display circuit as set forth in claim 1, 
wherein said second means (E) comprises: 

third means for receiving and regenerating the im- 
age data read from the selected one of said picture 

io elements (Ajj); and 

fourth means, operativeiy connected at the first 
node (So), operativeiy connected to receive the 
video signal (Vv) and the input switching signal and 
operativeiy connected to said third means, for con- 

76 necting one of the video signal and said third 
means to said first node in dependence upon the 
input switching signal. 

3. A display circuit as set forth in claim 2, 
wherein said display circuit is operativeiy connect- 

20 ed to receive a read/write signal, wherein said 
fourth means comprises a first switching element 
(Tri, Tr 2 ) and wherein said third means comprises: 
a second switching element (Tr3. Tu) operativeiy 
connected to said first switching element (Tn, Tr 2 ); 

25 and 

an image data regeneration circuit, operativeiy con- 
nected to said second switching element (Tr 3 , Tr*) 
and operativeiy connected to receive the read/write 
signal, for receiving image data and for providing 

30 regenerated image data, wherein said second 
switching element (Tr3, Tu) transfers the image 
data from the selected one of said picture elements 
(Aij)into said image data regeneration circuit via 
said first switching element and wherein said sec- 

35 ond switching element transfers the regenerated 
image data from said image data regeneration cir- 
cuit back to the selected one of said picture ele- 
ments, in dependence upon the read/write signal. 

4. A display circuit as set forth in one of the 
ao preceding claims, wherein each of said picture 

elements (A^) is operativeiy connected to the first 
node (So) and wherein each of said picture ele- 
ments comprises: 
a display element (By); 
45 a read transistor (Tr c ) having a. first terminal oper- 
ativeiy connected to said display element (b»j) and 
having a second terminal operativeiy connected to 
said first node; 

a drive transistor (Tr b ) having a first terminal oper- 
50 atively connected to said display element (B^). and 
having second and third terminals; 
a write transistor (Tr a ) having a first terminal con- 
nected to the third terminal of said drive transistor 
(Tr p ) and having a second terminal operativeiy con- 
55 nected to said first node; and 

a capacitance (C), operativeiy connected to the 
second and third terminals of said drive transistor 
(Tr b ) for holding the image data. 
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5 t A display circuit as set forth in claim 4, 
wherein said read transistor (Tr c ), said write transis- 
tor (Tr a ) and said drive transistor (Tr b ) each com- 
prise a MOS transistor, and wherein said capaci- 
tance (C) comprises the MOS gate capacitance of 5 
said drive transistor (Tr b ). 

6. A display circuit as set forth in claim 4 or 5 
wherein said display element (By) comprises one of 
the group consisting of a liquid crystal display 
element, a light emitting diode, an electrolumines- io 
cent display element and a fluorescent display 
tube. 
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© A display circuit for a matrix display includes a 
plurality of picture elements comprising display ele- 
ments driven by drive circuits. A data regenerative 
circuit determines whether an external video signal is 
to be displayed or whether the image being dis- 
played by the picture elements is to be held. When 



the image currently stored in the picture elements is 
to be held, the data regenerative circuit reads the 
stored image data from a selected picture element, 
regenerates the level of the data signal and causes 
this data to be rewritten into the selected picture 
element. 
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